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Summary
Background:  One  of  the  well-known  foci  of  zoonotic  cutaneous  leishmaniasis  (ZCL)
in  Iran  is  Turkemen  Sahara,  which  is  located  in  north  eastern  Iran.  ZCL  is  a  disease  of
mammals,  and  humans  can  become  infected  as  accidental  hosts.  Many  researchers
have  argued  that  Rhombomys  opimus  is  the  only  main  reservoir  host  of  ZCL  in  this
region  of  the  Golestan  province.  No  other  rodents  or  mammals  are  thought  to  host
or  have  been  reported  to  host  Leishmania  parasites  in  this  region.  This  research  was
designed  and  developed  to  isolate,  detect  and  ﬁrmly  identify  Leishmania  parasites
in  mammals  and  rodents  other  than  R.  opimus.
Methods:  Wild  mammals  were  caught  from  gerbil  burrows.  Leishmania  parasites
were  detected  to  assess  the  infection  of  reservoir  hosts  in  2010.  Each  genomic  DNA
sample  was  screened  for  Leishmania  infection  via  nested  PCR  and  sequencing  using
the  internal  transcribed  spacer  ribosomal  DNA  (ITS-rDNA)  identiﬁcation  protocol  for
parasites.
Results:  The  greatest  number  of  infections  (8/19)  were  found  in  Meriones  libycus.
One  in  three  infections  was  found  in  Hemiechinus  auritus, and  this  is  the  ﬁrst  report
of  infection  in  this  species.  Only  Leishmania  major  was  deﬁnitively  identiﬁed  and
unambiguously  typed  in  M.  libycus  and  H.  auritus.  The  infection  rates  in  these  two
wild  mammals  were  not  signiﬁcantly  different,  and  no  other  gerbil  parasites  were
detected  in  M.  libycus  or  H.  auritus  at  our  study  site.
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Conclusions:  Recent  ﬁndings  of  Leishmania  turanica  in  R.  opimus  and  failures  to  detect
L.  turanica  in  M.  libycus  may  be  attributable  to  unidentiﬁed  Leishmania  infections
in  two  M.  libycus  due  to  unreadable  sequences.  These  cases  may  represent  mixed
infections  by  L.  major  and  L.  turanica.  The  assumptions  that  gerbil  parasites  can
a starting  point  for  the  identiﬁcation  of  the  causative  and
nsible  for  the  frequent  infections  that  are  mainly  mediated
dulaziz  University  for  Health  Sciences.  Published  by  Elsevier
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of human  ZCL  infections  (unpublished  data  and
unofﬁcial  reports).  The  active  colonies  of  rodents
were identiﬁed,  and  the  rodents  were  trappedbe  co-infectors  provide  
potential  parasites  respo
via  sandﬂy  vectors.
© 2014  King  Saud  Bin  Ab
Ltd.  All  rights  reserved.
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urkemen  Sahara  in  northern  Iran  is  one  of  the
ost prominent  regions  for  ZCL  and  is situated
n the  border  of  Turkmenistan,  which  is  a  promi-
ent part  of  zoonotic  cutaneous  leishmaniasis  (ZCL)
1].  ZCL  is a  disease  that  primarily  uses  animals
uch as  rodents  as  reservoir  hosts  [2].  Humans  are
n accidental  host  that  can  be  involved  in  the
ransmission  cycle  of  Leishmania  parasites  [3—5].
eographically,  ZCL  is  widely  distributed  in  Africa,
he Middle  East,  Central  Asia,  and  the  Rajasthan
rea of  India  [6,7].  ZCL  exists  in  a  large  variety
f types  in  wild  animal  hosts  and  sandﬂy  vec-
ors. Leishmania  parasites  have  been  isolated  from
esions of  the  ears,  noses  and  eyelids  of  the  large
erbil (Rhombomys  opimus),  the  Libyan  jird  (Meri-
nes libycus),  the  Indian  gerbil  (Tatera  indica),
he bandicoot  rats  (Nesokia  indica),  and  other
are animals,  such  as  the  long-eared  hedgehog
Hemiechinus  auritus)  and  the  long-clawed  ground
quirrel  (Spermophilopsis  leptodactylus)  [8,9]. ZCL
s endemic  to  more  than  half  of  the  30  provinces  of
ran [10]  and  is  essentially  a  disease  of  gerbils  that
s transmitted  by  Phlebotomus  papatasi,  P.  cauca-
icus and  other  species  of  sandﬂies  that  breed  in
erbil burrows  [11,12]. Three  different  epidemi-
logical types  of  ZCL  have  been  observed  in  this
ountry,  and  four  species  of  rodents  served  as  the
rincipal  reservoir  hosts  in  all  of  the  leishmania-
is foci  of  Iran  [1,13,14]. The  study  of  Leishmania
nfection in  rodents  began  in  1953  in  north  east-
rn Iran.  Although  the  range  of  ZCL  subsequently
xpanded to  many  parts  of  the  country,  the  iso-
ation  and  characterization  of  the  parasites  have
emained  unattended  [13]. Over  the  past  decade,
he annual  incidence  of  ZCL  has  gradually  risen  due
o increasing  sandﬂy  —  human  contact  and  agri-
ultural development  in  many  areas  of  the  world
ndemic  for  leishmaniasis,  including  Iran,  leading
o greater  exposure  of  people  to  sandﬂy  bites  and
eishmania  parasite  infection  [15,16].
Some publications  have  reported  that  R.  opimus,
 member  of  the  rodent  family  of  Gerbilidae,  acts
a
o
l
as  the  main  reservoir  host  of  ZCL  in  the  Turke-
en Sahara  region  [1,2].  In this  investigation,  we
ound that  M.  libycus,  the  long-eared  hedgehog  H.
uritus, and  R.  opimus  carried  ZCL.  Notably,  the
mpression  smears  from  the  ears  of each  rodent
ere obtained  by  scratching,  and  this  method  has
reviously  been  published  and  used  in  studies  con-
ucted in  central  Iran  and  the  mentioned  districts
2,10,14].  Based  on  our  experiences,  we  selected
he rodent  ear  scratch  method  for  the  current
tudy. In our  previous  study  that  was  conducted  in
he same  location,  a large  number  of  R.  opimus
ere examined  for  Leishmania  infections.  In  total,
4 of  the  227  R.  opimus  examined  had  Leishmania
nfections (59  with  Leishmania  major,  6 with  Leish-
ania turanica  and  9  in  which  the  Leishmania
pecies was  not  identiﬁed).  Currently,  there  are
o reports  of  Leishmania  infection  in  M. libycus  or
. auritus  in  the  Turkemen  Sahara  region  [2,10].
ccordingly,  PCR  assay  and  ITS-rDNA  gene  sequenc-
ng, along  with  three  conventional  methods,  were
mployed  to  directly  detect  and/or  identify  the
eishmania  species  infecting  captured  wild  mam-
als. The  samples  were  screened  for  Leishmania
nfections using  specimens  that  were  collected  in
009—2010  from  gerbil  burrows  and  nearby  villages
n the  Golestan  province  (Turkemen  Sahara,  North
ast of  Iran)  (Fig.  1).
aterials and methods
tudy sites and collections and
dentiﬁcation of wild mammals
he  study  sites  were  determined  based  on  reports
rom the  local  health  authorities  about  outbreakslive with  wooden  and  wire  traps  in  various  parts
f these  areas  (Fig.  1).  The  specimens  were  col-
ected from  colonies  of  gerbil  burrows  located
round the  villages  in  which  ZCL  was  endemic
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ara  of  the  Golestan  province  of  Iran  in  which  the  Meriones
Figure  2  Sample  serous  ﬂuid  from  the  ears  of  eachFigure  1  Location  of  the  villages  in  the  Turkemen  Sah
libycus  were  captured.
using  30  live  traps  for  each  collection  in  the
summer of  2010.  Morphological  identiﬁcation  of
specimens  was  performed  based  on  the  exter-
nal criteria  of  color,  body  measurements,  ears,
tail, feet,  teeth  and  the  cranium  for  each  speci-
men [14,17].  The  isolation  of  parasites,  impression
smears from  the  ears,  light  microscope  observation,
culture in  Novy—MacNeal—Nicolle  (NNN)  medium
and the  inoculation  of  Balb/C  mice  with  samples
from the  caught  rodents  followed  the  methods  of
Mirzaei et  al.  [2]  (Fig.  2).  The  genomic  DNA  of
each sample  and  that  of  any  parasite  infecting  that
sample were  extracted  based  on  Parvizi  and  Ready
protocol  [1].
Extraction of total DNA and  nested ITS1-5.8S
rRNA-ITS2 PCR for the ampliﬁcation of the
DNA of the Leishmania speciesFollowing  our  published  protocols,  the  genomic  DNA
of the  individual  wild  mammals  and  that  of  any
parasites  within  those  mammals  were  extracted
in a  room  of  a  molecular  biology  laboratory  suite
rodent  was  injected  subcutaneously  into  the  base  of  the
tail  of  a Balb/C  mice.  Notice  the  lesion  at  the  base  of  the
tail  (arrow).
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Figure  3  (A)  Detection  of  Leishmania  parasites  using
the  ITS-rDNA  gene,  −ve:  negative  control,  +ve:  posi-
tive  control,  Turk  02,  17:  Ampliﬁed  ITS-rDNA  gene  in
462  bp  (B)  PCR-RFLP  results  based  on  digested  fragments,
−ve1:  negative  control  containing  positive  product  with-
out  restriction  enzyme  (BSUR1),  −ve2: negative  control
containing  negative  product  with  restriction  enzyme
(
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m.  major  in  H.  auritus  and  M.  libycus  in  Iran  
n  which  the  ampliﬁed  and  cloned  DNAs  were
ever processed.  Each  genomic  DNA  sample  was
creened  for  Leishmania  infections  via  nested  PCR
or a  fragment  of  the  internal  transcribed  spac-
rs (ITS)  of  the  nuclear  ribosomal  (r)  gene  array.
he ﬁrst  stage  of  the  PCR  was  shared  by  both
ested PCRs  and  used  the  forward  primer  IR1
which targets  the  3′ end  of  the  small  subunit
RNA gene)  and  the  reverse  primer  IR2  (which  tar-
ets the  5′ end  of  the  large  subunit  rRNA  gene).
ragments were  ampliﬁed  in  the  second  stage  of
he PCR  as  follows:  (1)  the  ITS1-5.8S  rDNA-ITS2
ragment (462  bp,  including  primers)  was  ampli-
ed using  the  nested  forward  primer  ITS1F  (5′
CAGCTGGATCATTTTCC  3′; overlapping  the  3′ end
f the  small  subunit  rRNA  gene  and  ITS1)  and
he nested  reverse  primer  ITS2R4  (5′ ATATGCA-
AAGAGAGGAGGC  3′; at  the  5′ end  of  ITS2).  A
uitable restriction  enzyme  with  different  cut  sites
or various  species  of  Leishmania  BsuRI  (HaeIII)
as selected;  this  restriction  enzyme  employed  the
G↓CC cut  site,  which  was  appropriate  for  PCR
roduct digestion  (Fig.  3).
All PCR  products  were  sized  and  sequenced,  and
ach strand  was  subsequently  directly  sequenced
o identify  the  Leishmania  haplotypes  that  infected
ach  wild  mammal.  Therefore,  individual  con-
ig sequences  were  aligned  with  the  GenBank
equences  of all  regional  species  using  Sequencher
.4.1 software  for  PC  (Gene  Codes  Corp,  Ann  Arbor,
I, USA),  and  unique  haplotypes  were  identiﬁed
fter exporting  the  sequences  into  the  MEGA  soft-
are for  phylogenetic  analysis  [18].
esults
ollection of wild mammals from ﬁelds and
onventional and molecular methods used
o identify Leishmania parasites
 total  of  22  wild  mammals,  including  19  M.  libycus
nd three  H.  auritus,  were  caught  (Table  1).  After
. opimus  (227),  M.  libycus  was  the  species  most
requently  present  in  the  traps  (19)  [2].  After  cap-
uring 19  M.  libycus,  only  ﬁve  remained  alive  and
ere sampled  to  isolate  and  identify  Leishmania
sing both  conventional  and  molecular  methods
Fig.  2).  The  14  other  M.  libycus  died  after  capture
nd were  sampled  to  detect  Leishmania  only  via
olecular  methods.  All  three  H.  auritus  were
aught alive,  and  attempts  to  isolate  and  identify
eishmania using  both  conventional  and  molecular
ethods were  made  (Table  1).  Comparison  of  the
olecular  and  conventional  methods  revealed  that
he molecular  methods  (i.e.,  nested  PCR  for  the
f
t
o
mBSUR1),  +ve:  positive  control,  Turk  02,  17:  digestion  of
TS-rDNA  with  BSUR1  and  fragments  of  120  bp  and  310  bp.
TS1-5.8S-ITS2  rDNA  fragment)  of  detecting  Leish-
ania parasites  were  more  sensitive  and  available
8/19)  than  the  conventional  methods  (3/19),
ecause the  conventional  methods  require  living
amples.  The  capture  and  transfer  of  live  rodents
o the  laboratory  for  examination  are  difﬁcult.
owever, with  the  molecular  methods,  we  were
ble  to  examine  both  living  and  dead  rodents;
hus a  greater  number  of  genomic  DNA  samples
rom individual  M.  libycus  and  H.  auritus  animals
ere  screened  and  ampliﬁed  (Table  1).  Three  of
he ﬁve  (60%)  living  M.  libycus  were  Leishmania
ositive based  on  direct  smears  and  microscopic
bservations.  Based  on  the  inoculation  of  Balb/C
ice,  only  one  live  M.  libycus  (20%)  was  positive
or Leishmania, and  this  rodent  had  an  ulcer  at
he base  of  its  tail  (Fig.  2  and  Table  1).  A  total
f 3  (60%)  of  the  captured  M.  libycus  were  Leish-
ania  positive  based  on  at  least  one  conventional
214
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Table  1  Results  of  conventional  and  molecular  methods  for  screening  for  Leishmania  parasite  in  captured  M.  libycus  and  H.  auritus  from  Turkemen  sahara  region
based  on  location.
Capture  location  Meriones  libycus  Hemiechinus  auritus
Method
Conventional  methods Molecular
method
Parasite
species
Conventional
methods
Molecular
method
Parasite
species
Direct  smear  Balb/C
inoculation
NNN culture  Nested  PCR
of  ITS1-5.8S
rRNA
gene-ITS2
L.  major  Unidentiﬁed  Direct
smear
Nested  PCR
of  ITS1-5.8S
rRNA
gene-ITS2
L. major
Jafarby  8  3  (2)  3  (1)  3  (0)  8  (4)  3  1  1  (1)  1  (1)  1  (1)
Shurdegesh  4  0  Not  done  Not  done  4  (2)  2  0  Not  done  Not  done  Not  done
Okhay  Tapeh  2  0  Not  done  Not  done  2  (1)  0  1  Not  done  Not  done  Not  done
Central  Duzarlum  2  1  (0)  1  (0)  1  (0)  2  (0)  0  0  1  (0)  1  (0)  1  (0)
Daneshmand  1  1  (1)  1  (0)  1  (0)  1  (1)  1  0  Not  done  Not  done  Not  done
Turshakli  1  0  Not  done  Not  done  1  (0)  0  0  1  (0)  1  (0)  1  (0)
Dashboron  1  0  Not  done Not  done 1  (0) 0  0  Not  done  Not  done  Not  done
Total  19  5  (3)  5  (1a)  5  (0)  19  (8)  6  2  3  (1)  3  (1)  3  (1)
19  (3)
a One sample was positive for both the methods of direct smear and Balb/C inoculation.
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a.  major  in  H.  auritus  and  M.  libycus  in  Iran  
ethod.  Three  infections  identiﬁed  with  conven-
ional  methods  were  also  identiﬁed  by  nested  PCR
or the  ITS1-5.8S-ITS2  rDNA  fragment;  thus,  these
ases did  not  increase  the  infection  rates.  One
f the  three  captured  H.  auritus  was  found  to  be
nfected  with  Leishmania  parasites  by  both  the
onventional  and  molecular  methods;  this  is  the
rst report  of  Leishmania  infection  in  this  species.
dentiﬁcation of Leishmania parasites in
ild mammals using nested PCR for
TS1-5.8S-ITS2 rDNA
he  ITS1-5.8S-ITS2  rDNA  fragments  of  8  of  the
9 (42.1%)  individual  M.  libycus  were  ampliﬁed.
fter sequencing,  four  rodents  were  found  to  be
nfected  with  L.  major  (Fig.  3).  All  six  of  the
. libycus  infected  with  L.  major  were  positive
or the  Turk  17  haplotype  (GenBank  accession  no:
F413075),  and  four  sequences  from  strains  of  L.
ajor originating  from  Sudan  and  Iran  were  identi-
ed in  GenBank  (GenBank  accession  nos:  EF413075,
J300481, GQ402543  and  EU482830)  [1]. Two  M.
ibycus (25%)  with  Leishmania  parasites  could
ot be  sequenced  without  cloning  and  remained
nidentiﬁed due  to  unreadable  sequences.  The
TS1-5.8S-ITS2  rDNA  fragment  of  one  of  the  three
33.3%)  individual  H.  auritus  was  also  ampliﬁed.
he resulting  sequence  was  identiﬁed  as  the  Turk
7 haplotype  of  L.  major  (GenBank  accession  no:
F413075)  [1].  All  infected  M.  libycus  and  H.  auri-
us originated  from  the  Jafarby,  Shurdegesh,  Okhay
apeh, and  Daneshmand  villages  in  the  Turke-
en Sahara  foci.  Notably,  the  infected  H.  auritus
riginated exclusively  from  the  Jafarby  village
Fig.  1  and  Table  1).
iscussion
umerous  publications  have  reported  on  reser-
oir hosts  in  different  endemic  ZCL  foci  in  Iran
2,10,14,20—22,24], and  one  report  has  detailed
 Leishmania  infection  of  H.  auritus  in  Uzbekistan
19].  In  the  current  investigation  of  Leishmania  in
. libycus  and  H.  auritus  in  the  Turkemen  Sahara
rea, only  L.  major  was  been  ﬁrmly  identiﬁed  (M.
ibycus:  6  of  19,  31.5%;  and  H.  auritus:  one  of  three,
3.3%).  The  diversities  of  the  parasite  strains  in  M.
ibycus and  H.  auritus  were  low,  and  only  one  haplo-
ype sequence  of  the  ITS1-5.8S-ITS2  rDNA  fragment
Turk 17;  GenBank  accession  no:  EF413075)  was
ecorded  across  six  M.  libycus  and  one  H.  auritus
Fig.  3).  Our  novel  ﬁnding  of  L.  major  infections
n H.  auritus  is  the  ﬁrst  demonstration  of  this  sit-
ation  in  Iran.  Remarkably,  L.  major  was  detected
P
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nd  unambiguously  typed  in  a  total  of  6  of  the  19
31.5%)  M.  libycus  and  one  of  the  three  H.  auritus,
nd  one  haplotype  sequence  was  common  to  all  of
hese positive  cases  (Turk  17;  GenBank  accession
o: EF413075).
L. major  is  well  known  as  a proven  causative
gent of  ZCL  in  the  region  we  studied  and  elsewhere
n Iran  [2]. Although  R.  opimus  has  been  reported
o be  the  reservoir  host  in  north  and  central  Iran,
. libycus  is  the  main  reservoir  host  of  zoonotic
utaneous leishmaniasis  in  some  regions  of  southern
ran [20—22].  Comparison  of  the  overall  infection
ates in  M.  libycus  and  H.  auritus  with  our  previ-
us ﬁnding  in  R.  opimus  did  not  reveal  signiﬁcant
ifferences (Chi-squared  test:  p >  0.05).  However,
here  was  an  important  difference  in  the  detec-
ions of  Leishmania  species  in  M.  libycus  and  H.
uritus.  No  other  gerbil  parasites  were  detected  in
he M.  libycus  from  the  Turkemen  Sahara,  Golestan
rovince. In  contrast,  L.  turanica  was  detected  in
. opimus,  and  both  L.  turanica  and  L.  near  gerbilli
ere detected  in  P. papatasi,  which  is  a  proven  vec-
or of  ZCL  from  the  Golestan  and  Isfahan  provinces
1]. Two  other  M.  libycus  had  Leishmania  infections,
ut we  were  unable  to  identify  the  Leishmania
pecies due  to  unreadable  sequences.  It  is  proba-
le that  these  causes  arose  from  mixed  infections
ith L.  major,  L.  turanica,  L.  gerbilli  sensu  lato
nd Leishmania  similar  to  L.  gerbilli  or  a  related
pecies; however,  it is  most  likely  that  the  mixed
nfections  were  due  to  L.  major  and  L.  turan-
ca. Moreover,  these  two  Leishmania  species  have
ecently been  reported  in  R.  opimus  in  our  location
nd the  Isfahan  province  [1,2,23,24].  The  absence
r scarcity  of  L. turanica  and  the  species  similar
o L.  near  gerbilli  in  M.  libycus  can  be  explained
y the  mixed  infections  with  Leishmania. Mixed
nfections with  these  three  Leishmania  species  have
een found  in  great  gerbils  that  were  sampled  in
he Isfahan  province  [12,24]. Co-infection  with  two
f these  Leishmania  species  can  occasionally  be
ecessary  for  the  successful  over-wintering  of  L.
ajor in  the  great  gerbil  in  counties  north  of  Iran
1,2,24].
Additionally,  R.  opimus  (the  main  reservoir  host
f ZCL  in  this  region)  is  more  frequent  and  domi-
ant than  M.  libycus  (227  R.  opimus;  19  M.  libycus)
2]. Several  rodent  species  are  reservoir  hosts  of  L.
ajor in  different  tropical  and  subtropical  regions
f the  Old  World,  including  the  following:  R.  opimus
nd M.  libycus  in  Central  Asia,  northern  Afghanistan
nd Iran;  Meriones  hurrianae  in  Rajasthan,  India;
sammomys  obesus  and  Meriones  crassus  in  the
iddle East;  and  Arvicanthis  spp.,  Mastomys  spp.,
atera spp.,  Xerus  spp.  and  several  other  rodent
pecies in  sub-Saharan  Africa.  In  all  Old  World
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regions  in  which  L.  major  exists,  this  parasite  is
transmitted  by  sandﬂies  of  the  genus  Phleboto-
mus [2,10,11,14].  Across  different  parts  of  Iran,
L. major  has  been  isolated  from  4  species  of
rodents: M.  hurrianae, M.  libycus,  R.  opimus,  and
T. indica  [1].  There  are  no  records  of  H.  aritus  being
infected  with  L.  major.  However,  long-eared  hedge-
hogs (H.  aritus)  and  long-clawed  ground  squirrels
(S. leptodactylus)  have  been  found  to  be  infected
with L.  major  under  natural  conditions  more  than
once [8].  The  parasites  L.  gerbilli  sensu  lato,  L.
turanica  and  Leishmania  similar  to  L.  gerbilli  are
not known  to  cause  human  disease  in  isolation.  It  is
important  to  understand  the  spread  of  all  species
of Leishmania  that  infect  gerbils,  and  understand-
ing of  the  role  of  gerbil  parasites  as  co-infectors
may help  to  identify  which  species  frequently  infect
potential  sandﬂy  vectors  [12,16,25—27].  Based  on
our ﬁrmly  authenticated  identiﬁcation  of  L.  major
in M.  libycus  and  H.  aritus,  these  wild  mammals
should be  considered  additional  reservoir  hosts
of ZCL;  however,  R.  opimus  should  still  be  con-
sidered the  main  reservoir  of  ZCL  in  this  region
[2].
Conclusions
Based  on  the  detection  of  parasite  ITS-rDNA  in  M.
libycus and  H.  auritus  and  on  a  previous  report  of
the detection  of  Leishmania  in  R.  opimus,  we  can
conclude  that  at  least  two  rodents  and  one  non-
rodent  mammal  species  are  common  reservoir  hosts
in the  Turkemen  Sahara  ZCL  focus.  Sandﬂies  can
occasionally  acquire  one  or  more  Leishmania  para-
sites by  feeding  on  these  three  reservoir  hosts.  The
relative infection  rates  suggest  that  more  than  one
of these  mammals  (i.e.,  H.  auritus,  M.  libycus  and
R. opimus)  may  be  reservoir  hosts  of  L.  major.  The
notion that  R.  opimus  is  the  main  reservoir  of  L.
major  in  Turkemen  Sahara  and  many  other  locations
of Iran  should  be  subjected  to  further  investigation.
The roles  of  M.  libycus  and  H.  auritus  as  impor-
tant reservoir  hosts  in  ZCL  foci  also  require  further
investigation. These  ﬁndings,  along  with  the  para-
site species  identiﬁed  in  this  study,  have  important
public  health  implications  for  the  surveillance  and
treatment  of  cutaneous  leishmaniasis  in  this  region
and more  widely.
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